Household welfare is inseparable from the environment because of its dependence on ecosystems and their services. However, linking household welfare and ecosystems in order to inform differentiated household livelihood development in spatially heterogeneous regions is still a great challenge. Based on a field survey of 1754 households, we grouped the relationships between household welfare (defined by total income) and ecosystem reliance (expressed by an index of dependence on ecosystem services) in the Watershed of Miyun Reservoir, the only source of surface water for domestic use in Beijing, China. The relationships can be grouped into four types: high welfare and high dependency; low welfare and low dependency; high welfare and low dependence; and low welfare and high dependency. Family structure, households' education and skill level, and the proximity to Beijing have significant impacts on household welfare, while the quantity of natural capital and eco-compensation fund significantly contribute to the ecosystem dependence. Maintaining suitable family size and age structure, improving education and skill levels, and strengthening payment for ecosystem services within low welfare households would be effective approaches to their welfare improvement. The above classification can help design tailored policy and management options to promote sustainable livelihoods based on different household subgroups.
Introduction
The Millennium Ecosystem Assessment has tried to evaluate the relationship between ecosystems and human well-being [1] . The focus of policy makers is to guarantee the sustainable supply of ecosystem services and develop effective human-nature relationships [2] [3] [4] [5] [6] [7] [8] [9] . For developing countries, reducing poverty and improving environmental quality are important goals of sustainable development. Improving the welfare of farmers and protecting the ecosystem have become common concerns of researchers, especially in rural areas [10, 11] . The process of a household's efforts to improve its own welfare reflects "livelihood", which involves "ability, capital (material and social resources) and activities to survive" [12] . Achieving a sustainable livelihood will increase a household's ability to manage stress, as well as maintain and enhance a household's capabilities and capital without destroying natural resources [12] . The different forms of livelihood capital include natural capital (e.g., land), physical capital (e.g., durable goods), human capital (e.g., household size), financial capital (e.g., deposit), and social capital (communication cost), which are widely used in previous research [13, 14] . The sustainable livelihood analysis framework developed by the UK's International Development Agency endeavors to establish the logical relationship and interaction mechanism among livelihood capital, livelihood activities, and livelihood consequences [15] . Households in different natural environments and social systems have different livelihood strategies that depend on their own livelihood capital. These households deal with risks and their impacts by combining different capitals, and maintain their livelihood security by converting flexibly between various livelihood strategies, in order to achieve a sustainable livelihood [16] .
As an economic entity that makes investment, production, and consumption decisions, households have the functions of production, consumption, accumulation, and social development [17] . The basic characteristics (such as capital, technology, and labor allocation) of households determine the production and consumption behaviors, which have direct relations with natural capital and ecosystems [18] . In agricultural households, farmers' livelihood strategies and activities are influenced by many factors, such as the natural environment (natural resources, geographical location, etc.), economic and social factors (infrastructure, education level, institutional policies), and other factors. For example, with the urbanization of rural areas, farmers no longer rely on traditional agriculture only, but transform to a variety of livelihood strategies, such as employment in the commercial and service industries, and migration [19, 20] . At the same time, households' choice of particular livelihood strategies with different levels of natural resources utilization will lead to a direct or indirect relationship with the land, forests, water resources, and other environmental factors in an ecological system. This may damage ecological functions and produce a series of environmental problems, ultimately endangering the welfare of the households themselves [5] . Previous research on the livelihood capital, livelihood activities and strategies, and livelihood consequences of households domestically and internationally provide a new perspective to clarify the relationship between ecosystem services and human welfare [21] . However, it is still a challenge to inform household livelihood development by classifying the relationships between household welfare and ecosystem reliance, especially in spatially heterogeneous watershed with different requirements of management and policy measures [22] .
In this study, we chose the Miyun Reservoir watershed as the research area, which is an important ecological protection zone, and analyzed the dependency of human on ecosystem services, the support an ecosystem provides, and the types of relationships that develop. Our objectives were to determine the factors affecting the relationships, to undertake a comprehensive study, and to establish a formidable database that helps policy makers determine policy priorities for improving human welfare and coordinating them with the ecosystems. Hence, we established the study framework of the relationship between ecosystems and household welfare, and then applied the framework to group the relationships into four types. Finally, the impact factors of four relationships were identified. By classifying the relationships, we hope our findings will help design tailored policy and management options to promote sustainable livelihoods based on different household subgroups.
Study Area and Methods

Study Area
The Miyun Reservoir is located approximately 100 km north of Beijing, China (Figure 1) , and is the major surface water source for Beijing. The Miyun Reservoir watershed encompasses two administrative regions and 65 townships in six counties, including Miyun, Huairou, and Yanqing in Beijing, and Luanping, Fengning, and Chicheng in Hebei. The total area of the watershed is approximately 1.52 km 2 , approximately 80% of which is located in Hebei Province and the remainder in the municipality of Beijing (Figure 1 ). The ecosystems in the watershed provide important ecosystem services (e.g., food production, soil erosion control, water purification), not only for local people, but also for Beijing. However, there exist significantly different relationships between ecosystems and household welfare in different areas of Miyun Reservoir watershed due to different resource endowment and requirements of ecosystem conservation. 
Study Framework
An ecosystem provides a variety of services, such as products and a living environment for humans, and it is the consumption of ecosystems' services that satisfies and improves human welfare. However, when humans improve their own welfare with different livelihood strategies, not only does this affect ecosystem services, but also the welfare of households through feedback of different livelihood strategies (Figure 2 ). 
An ecosystem provides a variety of services, such as products and a living environment for humans, and it is the consumption of ecosystems' services that satisfies and improves human welfare. However, when humans improve their own welfare with different livelihood strategies, not only does this affect ecosystem services, but also the welfare of households through feedback of different livelihood strategies (Figure 2 ). Based on the relationship between ecosystem services and household welfare, ecological consequences and influencing factors were studied to develop a corresponding policy to regulate livelihood strategies. Through this policy, households can get better guidance for using their different forms of capital and capacities, strengthening the positive factors of livelihood activities and reducing the negative impacts. Therefore, this study can help households choose their own sustainable livelihoods and will benefit the coordination between humans and nature.
Household Surveys
Household surveys were conducted in August 2014 and July 2015 in the Miyun Reservoir watershed using a participatory rural appraisal method and multistage stratified random cluster sampling method [18, 23] . At first, we identified the living standard of each county through statistical yearbooks. In each county, we selected 2-3 townships that represented the average standard of living of the county, and in each township, we selected 1-2 villages that represented the average standard of living of the township. Ultimately, we selected 15 sites in the six counties as our survey samples ( Figure 1 ). With the help of ten graduate students to interview participants, 1754 valid questionnaires were obtained in total. The questionnaire survey mainly focused on information about household members and their livelihood activities, agricultural investments and outputs, household incomes and expenditures, and energy consumption and related activities. We normally selected household heads as interviewees, as they were usually the household decision makers and knew key information about their family.
Classification of Relationships Between Household Income and Ecosystem Dependency
Although using income is not the best approach for livelihood classification, household income could still be used as an indicator of welfare (household wealth) due to data accessibility [24, 25] . There are some methods representing the dependence of humans on ecosystem services [26] [27] [28] . In our study, in order to avoid to misleading decision making due to different development costs and increase the comparability of different households, the dependence of household welfare on the ecosystem was expressed by the index of dependence on ecosystem services (IDES) [29] . The IDES was defined as the ratio of net benefit obtained from the ecosystem to the absolute value of the total net benefit that was derived from the ecosystem and other socioeconomic activities [29] . The higher value of the index represents the higher dependence on the ecosystems. These quantitative indicators and models matched the MA framework and were easy to understand the linkages between ecosystems and human well-being [4, 5] .
The net benefit obtained from the ecosystem included three income sources: (1) Agricultural income was the income that farmers obtained by farming, operating orchards and breeding livestock, as well as from producing Chinese herbal medicine and wild mushrooms; (2) Nongjiale (rural tourism) income was the income that family members obtained from ecotourism, hospitality, and entertainment; (3) Ecological compensation income was the income received to participate in ecological compensation projects such as the Grain-to-Green Program, Natural Forest Conservation Program, and the Paddy Land-to-Dry Land Program. However, our research mainly focused on ecosystem services flowing to the households. We did not consider all ecosystem services provided by a watershed to the society, for example water provision or sediment prevention services [22] .
Besides the income derived from the ecosystem, socioeconomic activities provided income that included remittance income (income sent home by migrant workers), non-farm income (income from commercial activities, service industries, and other sources), and government subsidies.
This four-quadrant classification was used to classify the relationships between household income and ecosystem dependency [30, 31] . To eliminate the influence of extreme values, median values were used as the reference origin [32, 33] . The relationships could be divided into four types: high welfare and high dependency (H-H), low welfare and low dependence (L-L), high welfare and low dependence (H-L), and low welfare and high dependency (L-H) ( Figure 3 ). 
Factors Influencing the Relationships Between the Ecosystem and Household Welfare
We used a multinomial logistic model to analyze determinants of the relationships between household welfare and the ecosystems. The model was an easier method to explain the influencing factors of the categorical dependent variables. The probability calculation of the types was:
where Prob = represents the probability of household i as type j out of m types, represents the factors that influence household types, and represents the corresponding parameters of the model to be estimated.
The dependence of household welfare on the ecosystem is mainly affected by its geographical location [34] , the level of natural capital [35] , number of family members [24, 36] , the labor quality, and ecological policies [37] [38] [39] .We selected eight independent variables from these five aspects, which were: distance from Beijing, cultivated area, household size, the average age of household laborers, the average education level of laborers, skills, training, and the amount paid from ecological compensation funds. Statistically significant differences were analyzed using one-way ANOVA with the software SPSS v.19.
Results
Income Resources of the Household Types
The relationships between household welfare and ecosystem dependency could be divided into four types. The first of these were H-H households (n = 289), represented by points in the first quadrant of Figure 3 , which had a total income > 19,791.25 yuan (1 yuan= 0.1506 USD) and an IDES > 0.301. Nongjiale income was significantly higher in H-H households than in the other household types. Agricultural income was significantly higher than in the L-L and H-L households, but lower than in the L-H households. On the contrary, the remittance income was significantly lower than in the L-L and H-L households, but higher than in the L-H households. The second type of relationship was characterized by L-L households (n = 289), identified in the third quadrant of Figure 3 and having a total income < 19,791.25 yuan and an IDES < 0.301. The government subsidies accounted for the highest proportion of income, while remittance income was significantly lower than for the H-L households but higher than the other two types of households. The third 
Factors Influencing the Relationships Between the Ecosystem and Household Welfare
We used a multinomial logistic model to analyze determinants of the relationships between household welfare and the ecosystems. The model was an easier method to explain the influencing factors of the categorical dependent variables. The probability calculation of the types was: where Prob(Y i = j) represents the probability of household i as type j out of m types, x j i represents the factors that influence household types, and B ij represents the corresponding parameters of the model to be estimated.
The dependence of household welfare on the ecosystem is mainly affected by its geographical location [34] , the level of natural capital [35] , number of family members [24, 36] , the labor quality, and ecological policies [37] [38] [39] . We selected eight independent variables from these five aspects, which were: distance from Beijing, cultivated area, household size, the average age of household laborers, the average education level of laborers, skills, training, and the amount paid from ecological compensation funds. Statistically significant differences were analyzed using one-way ANOVA with the software SPSS v.19.
Results
Income Resources of the Household Types
The relationships between household welfare and ecosystem dependency could be divided into four types. The first of these were H-H households (n = 289), represented by points in the first quadrant of Figure 3 , which had a total income >19,791.25 yuan (1 yuan = 0.1506 USD) and an IDES >0.301. Nongjiale income was significantly higher in H-H households than in the other household types. Agricultural income was significantly higher than in the L-L and H-L households, but lower than in the L-H households. On the contrary, the remittance income was significantly lower than in the L-L and H-L households, but higher than in the L-H households. The second type of relationship was characterized by L-L households (n = 289), identified in the third quadrant of Figure 3 and having a total income <19,791.25 yuan and an IDES <0.301. The government subsidies accounted for the highest proportion of income, while remittance income was significantly lower than for the H-L households but higher than the other two types of households. The third relationship was represented by H-L households (n = 588), which are shown in the fourth quadrant of Figure 3 and which had a total income >19,791.25 yuan and IDES <0.301. There were more H-L households than H-H and L-L types. The income from migrant workers and other non-farm activities was significantly higher than for the other three types of households. The L-H type of household (n = 588) represented the final relationship category, and is shown in the second quadrant of Figure 3 . With a total income <19,791.25 yuan and IDES >0.301, the income of L-H households was mainly derived from agriculture. In addition, remittance and other non-farm income was significantly lower than in the other three types of household (Table 1) . The superscript letters in brackets indicate categories that are significantly different at the 5% level from other livelihood types, using the Scheffe's test. H-H means the household type of high welfare and high dependency; L-L means the type of low welfare and low dependence; H-L stands for the type of the high welfare and low dependence; and L-H is the type of low welfare and high dependency. "1" means a deposit or loan exists and "2" means no deposit or loan exists. For the deposit (or loan), the bigger is the value, the greater is the deposit (or loan). Households hope for larger deposits and smaller loans.
The Livelihood Capitals of the Different Household Types
The livelihood capitals had significantly different characteristics in the different types of households (Table 2) . Overall, compared with the low dependency farmers, the highly dependent farmers had significantly higher levels of natural and physical capital. Compared with the low welfare farmers, the high welfare farmers had significantly higher levels of human, social, and physical capital.
H-H households had the highest level of natural capital, significantly higher than the low dependency households, and their level of human capital was inferior only to those of the H-L type. Compared with those of the other three types of households, the number of durable goods, deposits, and ecological compensation funds were significantly higher in H-H households.
L-L households had the lowest level of natural capital, significantly lower than the high dependency households. Compared with those of the other three types of households, the number of durable goods, deposits, and ecological compensation funds were significantly lower in the L-L households, just the opposite of the situation in H-H households. They also had significantly lower household size and laborers than for the other three types. H-L households' level of natural capital was significantly lower than those in the high dependency households, and their level of household size and labor education was significantly higher than in the other three types of households. The H-L households also had significantly higher levels of social and financial capital than the low welfare households.
In L-H households, natural capital was significantly higher than that in the low dependency households, and human capital and social capital were lower than those of the high welfare households. (1, 3) 123.29 (2, 4) 58.25 (1, 3) 91.41 Expense of cash and gifts (yuan) 4138.06 (2, 4) 1623.01 (1, 3) 3743.20 (2, 4) 1612.62 (1, 3) 2744.68 (2, 3, 4) 184.55 (1, 3, 4) 417.28 (1, 2) 504.61 (1, 2) 538.03
The superscript letters in brackets indicate categories that are significantly different at the 5% level from other livelihood types, using the Scheffe's test. H-H means the household type of high welfare and high dependency; L-L means the type of low welfare and low dependence; H-L stands for the type of the high welfare and low dependence; and L-H is the type of low welfare and high dependency. In terms of deposits and loans, "1" means a deposit or loan exists and "2" means no deposit or loan exists. For the deposit (or loan), the bigger is the value, the greater is the deposit (or loan). Households hope for larger deposits and smaller loans.
Environmental Consequences of the Different Household Types
The households' livelihood consequences differed for different relationship types (Table 3) . Overall, H-L households had the highest economic incomes followed by those of H-H households. High dependency households had significantly higher intensity of land utilization, which was reflected in crop yield and the expenditure for fertilizer, pesticides, and farm manure. In terms of energy consumption, compared to other households, high welfare households used significantly higher total amounts of energy, made up of fossil energy and electricity, while high dependency households had significantly higher firewood consumption.
H-H households had significantly higher intensity of land utilization and firewood consumption than other households, resulting in a high impact on the ecosystem. At the same time, H-H households used significantly higher amounts of fossil energy and electricity than the other three types of households.
H-L households had significantly higher income per capita than other households, and used less fertilizer, pesticides, and firewood. The consumption of coal, LPG, and electricity by H-L households was significantly higher than that by low welfare households. L-L households had significantly lower intensity of land utilization and firewood consumption than other household types. In addition, the income per capita and total energy usage of L-L households was significantly lower than in the high welfare households.
L-H households had the lowest income per capita of all household types, while the expense of fertilizer and pesticides, and consumption of firewood, were next only to H-H households. Therefore, L-H households had also a high impact on the ecological environment. 14,710.53 (2, 3, 4) 4939.75 (1, 3) 16,588.88 (1, 2, 4) 4114.63 (1, 3) 10,178.22
Land resource development and investment Crop yield per mu (kg) 670.59 (2, 3) 315.67 (1, 3, 4) 436.39 (1, 2, 4) 641.39 (2, 3) 523.74 Expense of pesticide (yuan) 223.76 (2, 3, 4) 60.37 (1, 3, 4) 108.44 (1, 2, 4) 151.05 (1, 2, 3) 133.80 Expense of fertilizer (yuan) 1112.27 (2, 3, 4) 245.06 (1, 3, 4) 495.37 (1, 2, 4) 801.72 (1, 2, 3) 658.47 Consumption of farm manure (jin) 1655.94 (2, 3, 4) 158.36 (1, 4) 606.62 (1) 949.88 (1, 2) 820.73
Firewood consumption
Consumption of firewood (kg) 3032.35 (2, 3, 4) 1333.74 (1, 3, 4) 1844.59 (1, 2, 4) 2321.79 (1, 2, 3) 2116.09
Fossil energy consumption Consumption of coal (kg) 1382.18 (2, 4) 981.15 (1, 3) 1564.55 (2, 4) 975.09 (1, 3) 1240.77 Consumption of LPG (kg) 57.41 (2, 3, 4) 40.23 (1, 4) 45.92 (1, 4) 21.78 (1, 2, 3) 38.78
Power consumption
Consumption of electricity (kwh) 1867.53 (2, 3, 4) 992.25 (1, 3) 1341.98 (1, 2, 4) 926.27 (1, 3) 1231.59
Total energy consumption (tce) 1315.23 (2, 4) 891.74 (1, 3) 1361.21 (2, 4) 847.67 (1, 3) 1104.13
The superscript letters in brackets indicate categories that are significantly different at the 5% level from other livelihood types, using the Scheffe's test. H-H means the household type of high welfare and high dependency; L-L means the type of low welfare and low dependence; H-L stands for the type of the high welfare and low dependence; and L-H is the type of low welfare and high dependency. tce = ton of standard coal equivalent. "1" means a deposit or loan exists and "2" means no deposit or loan exists. For the deposit (or loan), the bigger is the value, the greater is the deposit (or loan). Households hope for larger deposits and smaller loans.
Factors Causing the Different Household Types
The geographical location of households, the natural capital level, the household structure, the labor quality, and ecological policy were found to be the main factors affecting the relationship between human welfare and ecosystem dependency (Table 4 ). Compared with L-H households, smaller distances from Beijing, more natural capital, larger household size, and availability of younger and higher quality household laborers, were the main factors that produced H-H relationships. On the contrary, if the household had less natural capital, smaller size, and fewer compensation funds, they tended to establish an L-L type of relationship with the ecosystem. In other words, households that were located relatively nearer to Beijing had a bigger household size, younger and more highly educated household laborers, but had less natural capital; they might belong to the H-L type. 
Discussion
The Relationship between Household Welfare and Ecosystem Dependency
Almost all elements of a households' welfare were provided by the ecosystem [40, 41] . Especially in the deprived areas of economic and social development, the food and energy needs of farmers were largely dependent on ecosystem supplies [42] . Due to low economic level in our study area, we used the household income as an indicator of welfare, which also means wealth. Hence, poor groups had a more urgent demand for economic welfare than relatively more prosperous groups [43, 44] . In this study, considering that the level of economic and social development was not balanced throughout the study watershed, and most of the regions were in the low and medium income levels [45] , we chose household economic income as the proxy index for their welfare [46, 47] . Meanwhile, according to the ecosystem services division of Millennium Ecosystem Assessment [1] , we took the ratio of the income obtained from ecosystem services (including providing services, regulating services, and cultural services) to the total income as the dependence index on the ecosystem [29] . Based on this ratio, the relationships between households and the ecosystem were divided into four types: high welfare and high dependency (H-H), low welfare and low dependence (L-L), high welfare and low dependence (H-L), and low welfare and high dependency (L-H) ( Table 1 and Figure 3) . The results fully demonstrated the diversity of the relationships between humans and nature. This was confirmed by some researches on rural livelihood [22, 48, 49] .
The Classification of Household Welfare-Ecosystem Dependency Relationships
The livelihood capitals had significantly different characteristics in different types of households ( Table 2) . The L-H households had high cultivated land areas per capita and depended mainly on the ecosystem (Table 1) , and had a lower economic level than other household types. The finding was widely noted in the literature that poorer households rely more on the ecosystem [22, 29, [50] [51] [52] . The H-L households had significantly higher remittance income and non-farm income than other household types (Table 1) . Although their natural capitals were lower, they had bigger household size, and younger and better educated laborers that had a better chance to get well-paid jobs than older or less educated workers [51] . Besides the above two types of households, there was a considerable proportion (16.5% each) of L-L and H-H households in the Miyun Reservoir watershed. The L-L households had the lowest level of natural capital, and significantly smaller household sizes, fewer household laborers, less ecological compensation funds, and lower borrowing capacity. The L-L households depended on government subsidies to maintain basic living needs [6, 53] . In contrast, H-H households had not only the largest cultivated land areas, but also significantly more ecological compensation funds and household durable goods than the other household types. Furthermore, H-H households had more deposits and the ability to increase their human and social capital. So besides farming and nongjiale livelihood incomes, H-H households had migrant and non-farm income (Table 1) . These results were similar to the characteristics of the mixed livelihood strategies that some researchers had examined [51] . Research on the relationship between households and ecosystem dependency in South Africa showed that low welfare farmers were not necessarily dependent on the ecosystem, but the highly dependent farmers were almost exclusively in the low level of welfare [6] . However, these findings are not in complete accord with the characteristics of relationships in the Miyun Reservoir watershed.
The Environmental Consequences of Different Types of Household Livelihood
Households in different types of relationships with ecosystems chose different livelihood strategies and activities, resulting in different livelihoods outcomes and different potential impacts on the ecological environment [54, 55] . The annual per capita income of the H-L households in this study was the highest of all household types, followed by that of the H-H households (Table 3) ; this income level was 3-4 times that of the other two types of households. Notably, H-L and H-H households affected the ecosystem quite differently as high income groups. The H-L households had significantly lower intensity of land utilization and characterized both a poverty-elimination and an ecological environment-friendly type of relationship [55] [56] [57] [58] ; in contrast, the H-H households invested significantly more in fertilizer, pesticides, and farm manure to support their high intensity of land utilization. At the same time, because of their high economic level, H-H households could afford to use more fossil fuels such as coal and liquefied petroleum gas, and consequently had the highest total energy consumption (Table 3) . Thus, the H-H type of household-ecosystem relationship was the most unsustainable mode of natural resources usage [20, 51] . These results gave some evidence that the Environmental Kuznets Curve existed in the Miyun Reservoir Basin [51, 59] ; this relationship showed that the higher the household income, the greater the impact on the ecological environment until a critical point was reached, after which, the higher the household per capita income, the smaller the influence on the environment. The L-H households that were highly dependent on land resources and overuse the local land resources and firewood wolud be affected by declining soil quality, soil erosion, water environment deterioration, and other environmental problems [40, 60] . In contrast, L-L households had the lowest exploitation and utilization of natural resources (Table 3 ), but were poorer than the other household types. This result further confirmed that it was not the poor who were to be blamed for environmental degradation [22, 61, 62] . The L-H farmers were mainly depend on the ecosystem, but exert much less pressure on resources than H-H households because they had the least economic income [51] .
Impact Factors of Household Welfare-Ecosystem Dependency Relationships
Several key factors (including geographical location, the natural environment, household structure, labor quality, and ecological policies) could affect a household's livelihood capital, livelihood risk, and vulnerability, and thus constantly influenced the relationship between households and their dependency on the ecosystem [34] [35] [36] [37] [38] [39] 42] (Table 4) . Among the four types of households, the formation of an H-H household was characterized first by a large area of land suitable for cultivation (Table 2) and a strong reliance on food crops or economic crops as the main livelihood [51, 63] . Second, the size of an H-H household was relatively large, and the household laborers were able to master more production technology or receive more agricultural training than laborers in other households [64, 65] (Table 4) , which helped them continuously improve crop yields. Third, the short distance from Beijing made selling vegetables, chestnuts, and other economic crops convenient, and with the aid of the Miyun Reservoir natural conditions, H-H households engaged in tourism to improve their level of welfare [57, 65] (Table 3) . In contrast, the L-L households had less cultivated land than other household types, so they mainly grew food crops (Table 1) , and hadless chance to participate in ecological compensation programs ( Table 2 ). The smaller reliance on the ecosystem and fewer household laborers tended to make L-L households poor (Table 3) , even if they were engaged in non-agricultural work or migrate to work [39, 60, 66] (Table 1 ). The geographical location of households played an essential role in the choice of livelihood activities [67, 68] , and some scholars even thought of geographical location as the sixth kind of livelihood capital [34] . Therefore, the formation of H-L households was primarily due to their close proximity to an urban city, and to roads and other infrastructures that increased the opportunities to obtain off-farm employment and improved household welfare [6, 19, 34] . On the other hand, H-L households had a large family size, and a young and well-educated labor force ( Table 4) that could find well-paid jobs resulting in a higher level of household welfare [19, 22, 64, 65] (Table 3) .
Policy Implications
The classification of household-ecosystem relationships could provide a scientific basis for improving the well-being of households, reducing their environmental impact and promoting the sustainability of household livelihoods. Our research supported the following recommendations.
For H-H households, we suggested further improvements in the technical level of agricultural production [64, 65] , and development of efficient modern agricultural production practices. Migrant workers and non-farm industries should be encouraged to continue to improve the welfare of households.
However, the most important recommendation for H-H households was to reduce their impact on the ecological environment by developing ecotourism, promoting water conservation service functions, improving environmental awareness, restoring riparian zones, and implementing other environment measures [45, 51, 69, 70] .
For L-L households, additional ecological compensation or larger subsidies needed to be considered [67] . But primarily, the government needed to increase its employment guidance and non-farm employment skills training, in order to enhance the competitiveness of human capital and improve sustainable livelihoods [65, 66, 70] .
We encouraged efforts to develop more H-L type households, not only to alleviate poverty, but also to lessen the overall impact of households on the ecological environment [20, 51, 71, 72] . However, we also recommended that H-L households continued to update their technical knowledge and use of information so as to improve labor quality. At the same time, we suggested encouraging H-L households to shift their abandoned land to other cultivation techniques and planting categories in order to increase economic benefits.
For L-H households, local governments should enhance support policies on technical training, technology promotion, and financial support [65, 66] , so that they had the capacity to develop ecological agriculture and enhance household welfare. The energy structure needed to be transformed simultaneously, encouraging the use of biogas, solar, and other new energy sources, thereby reducing the environment problems caused by deforestation and fossil energy consumption [73, 74] .
Conclusions
Linking household welfare and ecosystems to inform differentiated household livelihood development in spatially heterogeneous regions was a great challenge. By using the participatory rural appraisal method and multistage stratified random cluster sampling method, we grouped the relationships between household welfare and ecosystem reliance in the Watershed of Miyun Reservoir, the only source of surface water for domestic use in Beijing, China.
The relationships could be grouped into four types: high welfare and high dependency, low welfare and low dependency, high welfare and low dependence, and low welfare and high dependency. Family structure, households' education and skill level, and the proximity to Beijing had significantly impacts on household welfare, while the quantity of natural capital and eco-compensation funds contributed significantly to ecosystem dependence.
Our results showed that maintaining suitable family size and age structure, improving education and skill levels, and strengthening payment for ecosystem services within low welfare households would be effective approaches to their welfare improvement. In the future, tailored policy and management options should be designed to promote sustainable livelihoods based on different household subgroups.
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